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RZMOTtI Z>nSS r .0 v 5 SZNSO?, ; 

MOTOR VIHICLI5 

This applicant is :;;2:-d :o appcmitc:: 5rr. No. 03/3 IS. 
5 do. "Cccicai Seaim^ Apparat-js ;"cr Rrmoceiy 

Measuring z_0_i _ s : Gas Composirioa or* Mo-" in g Meter 
Vehicles" rued Oct. 5. 1 99-^ and ^iiiga^d co Santa 3areara 
Research Corporation, tnc assignee of '-he preset: lr. vc^loi. 

3ACKGROC/ND OF THE £>"V"HNTlON 
L. Field of ihe Invcndoa 

This mvrciioc relates ;o the mo ni:o ring of zz'^irozrzczizl 
poUutioa. and mere specifically co an unmanned ir.cejmrsd 
RrS for remotely mo ai coring the exhaust gas composition of 
noviz^ mo cor vehicles. 

2. Description of the Related .Art 

Envl-onmeetal po Liu tie a is a serious problem u-'hich is 
special!/ acute in urban areas. A major cause or this 
pollution is exhaust cmissiocts from automotive vehicles. 
O^ci-ii s r .^i r'v ds have beec set for regulating the allowable 
amounts of pollutants species in automobile exhausts, and In 
some areas, periodic inspectiocs or "smog chccJcs" are 
required to ensure that vz'rJclzs meet these standards. 

And-poLiusaoQ devices which are required equipment oa 
newer vehicles accomplish their intended purpose of reduc- 
ing pollution in the vehicle exhaust to within prescribed 
levels. However, some older vehicles and special types of 
vehicles are exempt from inspections. Furihcrmorc. some 
vehicle owners with mechanical expertise can perform what- 
ever servicing is nccessnry to place their vehicles in condi- 
tio Q to pass required inspections, and subsequently remote 
ana-poilutioa deWces and/or return the vehicles w-irh an 
artendint increase in pollutant emissions far normal use. The 
relatively small number of no ncomp lying vehicles generate 
a cisproporri oca rely large amount of pollution. 

As a result, an an a- pollution program which depceds 
entirely oa mandatory periodic inspections performed zl 
axed facilities is inadequate. It is necessary to idenriry 
vehicles which are acraiaiiy operating in violarion of pre- 
scribed emission standards, and either require them (o be 
placed in conformance; with the standards or be removed 
from operation. *_ ^.--^ .- r • ■ *.„•*. 

Manned RESs am now used to augment the periodic 
inspection program to identify vehicles thai are in viola ho a 
of the erniss iocs standards. In general. RES arc a nonobcu- 
sivc and cast-effective means for tdennfying the high po( : 
lurioa cmirxing Yehicies and nocifying the owner to take 
corrective action in a oimely manner. The Smog Dog 7 * RES 
produced by Santa Barbara Research Centex, the assignee of 
the present invention, includes a source and a receiver that 
arc mounted on respective tripods and positioned on oppo- 
site sides of a road, a video camera and speed sensor that are 
mounted on a tripod that is positioned about 50 feet up the 
road in the direction of oncoming rrofSc. a van that contains 
a computer, data storage, power sources, calibration gas, and 
a video mo niter, and a technician. 

The source projects an IR beam across the road to the 
receiver which coorinucKisIy senses pollutant levels such as 
carbon mo a oxide (CO), carbon dioxide (CO J, hydrocar- 
bons (HQ, water (ruO), nitric oxide (NO,) in the received 
IR beam,. When a vehicle passes through the IR beam, a 
sensor triggers the receiver to write the pollutant levels fee 
the vehicle's exhaust plume to a data file in the data storage. 
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One drawback o: SMOG Dog™ and the other kz:o~ 2 
RHS T/ 5 ; z ms {5 ;r_:C _~ _ components, i.e. the sensor, receiver, 
video earner a/ speed sensor, and the van. are discrete paro 
Chat are posicioacd over a relatively large area. The source 
and receiver are positioned oa opposite sides of the road. For 
safety purposes, '-h n y must be set back from the edges o: the 
road. Tec video camera/speed sensor are positioned up trie 
road such that their detection angles wich re spec: co the 
pass in g vehicles is sumciendy s hallo--. approsima;e[y 3 
degrees, to provide an accurate acceleration csa_ma:e and a 
high confidence of plate recognition. This can cause mis- 
match errors bcr-eea the emissions readings and the ptaie 
recognition. Also, there must be enough room to park the 
van. These spatial requirements limit the appLicabilir/ oc the 
known R£5 systems, Furuhcrmorc, the discrete components 
are expensive because they require their own tripod, power 
supply, and alignment aichanisnis. 

Another drawback is that the known RilS must be con- 
tinuously manned by a technician, which is very expensive. 
After infrf.il. set up and alignment, the technician raociiors 
the equipment to protect it from vandalism. performs 
required maintenance, and puis the system away at the end 
of the day. For example, the components may fail out of 
alignment due to the vibrations caused by passing vehicles, 
the various lenses may become occluded or the calibration 
gas may run out. Furthermore, the technician controls the 
da la gathering process. The technician periodically places 
the RES in calibration mode. pirrTs a calibration gas into the 
IK beam to calibrate the system and evaluates the results 
displayed oc the video monitor co accept or reject the 
calf crati on. Thereafter, the ccchniciaa p Laces the RES in dan 
gathering mode, rxrris the calibration gas. and compares the 
computed pollutant levels to the known levels of the cali- 
bration gas to accept or reject the vcrificacioa of the caJi- 
bran'oc During data gathering, me technician monitors both 
the signal levels of the exhaust plumes and the ambient air 
to determine whether the system has gone out of calibration 
or has a mechanical error. The technician also verifies the 
results of the plate recognition system. 

US, Pat. No. 5.418366 *1R-Bascd Nitric Oxide Sensor 
Having Wafer Vapcr Compensation" issued May 23. 1995 
discloses a specific receiver configuration having three chan- 
nels for measuring a NO transmission, a water transmission, 
and a reference transmission, respectively, that are combined 
to give the effective NO transmission value. US. Pat. No. 
5-210.702 "Apparatus for Remote Analysis of Vehicle Emis- 
sions" issued May 11. 1993 discloses a specific receiver 
conhgurarioQ in which the ultraviolet beam is separated 
from the JR beam to sense the NO levels, and the JR beam 
is split into a plurality of components to measure CO. CO — 
HC and rLO. Both systems use discrete source and receiver 
components placed on opposite sides of a road, a camera 
mounted on a tripod up the road, and a van for housing the 
control electronics, and require a technician to set the system 
up. calibrate the system, control the data gathering process. 

and pact it up at the end of the day. ... ? 

In 1992 Remote Sensing Technologies (RST) experi- 
mented with a double-pass RES system called the RSD1GCO 
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5U>tM.ARY Or THE rvVENTTON 

in ♦ ie- of the above problems, the presect itivezito:: 
provides on ijrimazned b:rgr2:cd RES that : -duces cos: and 
sL"2pEir.cs operation. 

Trus is acco.-nplisr.cd by inccgra'icg each of the RES's 
comp-icezrs c.tcep: chc :d:c:or into 2 single cocio'e is 
positioned 2: uic side of 2 road and providing a CPU* tr.a: 
conrcts calibration vcr-jVcatioa i^d data gather i=g. ir.e 
source and receiver are preferably sacked one 02 top of the 
other such that tne FR beam era verses a to- and high po2h as 
it crosses the road. This allows the RES co detect both low 
2nd high ground clearance vehicles. To rr-' ^ v'-i the vehicle 
processing and idcntificridoc throughput, the speed sensor 
and Al_?R detect the passing vehicles ac sleep angles. 
2 p proximately 20 to 35 degrees. In a prcf erred system, a 
manned control center communicates a large aumb-er o: 
the unmanned integrated RES to download emissions doio, 
perform remote diagnostics, and. If necessary, dispatch a 
ce clinician to perform mfntecance on a particular RES. 

Tnese and other features and advantages of the invention 
'-ill be 20 pare 2: to those siriiled in the art from the following 
detailed descripcioQ of preferred embodiments, taxen 
together with the accompanying drawings, in which: 

3R1EF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram of an remote emissions sensing 
svsrem in which a plurality of uc m . inr .ed integrated RESs 
record vehicle emissions and communicate with a central 
lanmanned control center; 

FIG. 2 is a perspective view of occ of the unmanned 
integrated RESs shown La FIG. 1: 

FIG. 3 is a diagram of the source shown in FIG- 2; 

FIG. 4 is a diagram of the receiver shown in FIG. 2; 

FIG. 5 is a Mock: diagram of the automated control 
processes executed by the control CPU shown in FIG. 2; 

FIG- 6 is a flowchart illustrating the opera don of the speed 
sensor shown in FIG. 2; 

FIG. 7 is a flowchart illustrating the operation of the 
automated License'plnte reader (ALPR) shown in FIG, 2; and 

FIG- S is a flowchart illustrating the coordination of the 
speed sensor and the ALPR shown in FIG. 2- - - 

DETAILED DESCRIPTION OF THE 
INVENTION" 

The present invention provides an emissions sensing 
system that includes a plurality of unmanned integrated 
RES. A manned control center communicates with a large 
climber of the RESs to download emissions data, perform 
remrxe diagnostics, and, if necessary, dispatch a tecrimcian 
to perform maintenance on a particular RES. The source, 
receiver, speed sensor, automated license plate reader 
(.ALPR). gas canister, power supplies, and computer are 
integrated into a console that can be positioned at the side of 
a road either permanently or for an extended period of time. 
A reflector is positioned on the other side of the road to 



O *1 y O S 7' :L 3 * .% ± O ^ O O 

f 




iz^iti. i~-p:Dxj^-?^:z[y Zj :o 35 This nai :r.e bez- 

cririai cfee: of reduri^ g : .-. e r-rzc-r: o: r^ii^.'rr.r s ber~ een 
poliutan: readings and veridc identirLcahon. ri^Jnerrraore. 
cam ijair.cring cocrol including calibration, vcrir.carion. 
and da: a gathering are automated. Tris r :; — »i- •■'-<: :he need 
for in o; si:; technician, -rich fur^.cr reduces cosl 

As sho-n in FIG. I. -i remove emis sionj sensing system 
10 includes a ? turkey of unmanned L::e^n:ei RESs 12 tha: 
arc placed ac dircrent cos Prions [2 2 cer-vcrx of roaij 1-2. a 
manned control cenier 16 and 2 r-o-:y cornmunimriaci 
channel IS. The corramuni cations chancel shown is 2 -ir c - 
to- wire telephone nerwer^. Alternately, a cellular or sarciLte 
ncr- ork could be used. 

The .RES 12 and 2 rejecter 22 are pbced og ooposi:e 
sides of the road 14 and aligned such that the RES's IR beam 
24 is rejected bacJc to the RSS 12- w >.ea a vehicle 26 parses 
through --he IR beam 24. the RES 12 writes rhc poLiir-ant 
levels from -he vehicle's exhaust plume 25 Co a dam hie and 
appends the vehicle's License pLate number. If the vehicle's 
speed or acceleration are too high, iacU'carfng tha: the vehi- 
cle's emissions cocrol have been disabled, the data Is 
in vaii da Ced. 

Tr.e RESs 12 are automated to cam lain calibrahoo and. 
if rep-eared recalibratioc foals, to ac<iry the control cen:er 16. 
The control center performs remexe diagnostics to identify 
the cause of the caiibrarioa failure and. if possible, to correct 
the problem. Otherwise a technician is dispatched co the 
RES 12. The RESs 12 pcriocicetiiy downlead the gathered 
emissions daca to the cocrol center 16. 

As shown in FIG. 2. all of rhe components of the RES 12. 
excerpt for the rejecter 22. are enclosed in a console 30. 
suitably 5* high. 3* -idc. and 2* deep. The rejector 22 such 
as a piece of black aiurninurn thai is opaque in the visible 
spectrum is anached to the guard rail or the side of the road, 
for example. A sotrrcc 32 emits the IR beam 24 that cresses 
the read and refects off of the rejector 22 back to a receiver 
34. The receiver 34 samples the radiation levels in the beam 
24 at various wavelengths, 3ccausc of the presence of NO. 
water vapor. C0 2 . CO. HC and other molecular species 
within the exhaust plume 23. the IR beam 24 is partial!'/ 
absorbed at the various wavelengths when it passes through 
the plume. A computer 36 includes a data processing central 
processing unit (CPU) 38 that computes the cocaposicioQ of 
the ambient air. and when a vehicle passes by. computes the 
composition of the plume 23 in terms of the percentage or 
concentrations of the constituents NO. CO^. CO and HC 
based on the sampled radiation levels. The corcputarioc of 
the composiaoQ is well icaowa in the art and is thus omicccL 

A trigger circuit 44) in the receiver 34 provides a trigger 
signal when a vehicle passes through the beam 24. The 
circuit responds to the sequential coadidon of the received 
signal going to zero, "beam blocfcT followed by the received 
signal returning to a valid emissions level. ~bcam unblock." 
Placing the source 32 oa top of the receiver 34 causes the IR 
beam 24 to traverse an upper path 42 across the road and to 
return along a lower path 44 to the receiver. As a result, the 
circuit will trigger on cither low or high ground clearance 
vehicles. The trigger signal is fed to the data processing CPU" 
33 causing it to write the composiaoa of the plume to a dam 
rile on a hard dis^. 





respect :o Lie rood. Tec ihaiIo-~ er the an^ie. Lhc easier it is 
for -he cnzr^cccr rccc^ nicies algorithm :o :;nct 1*:= pla:e 
cjmber. Ho- ever. 11- shallower the arrglr. cr.c farther 
vehieie is pas; it. - RES ~ r. e a its place is re ad. This increases 

vehicle s 'Jr. a : can be tested in a given "c": e . i.e. the vehicle 
■ cr.ro u^h curt. 

An opcioaai speed secsor system de:errrii::es the acccl- 
rrrjon of an oncoming vehicle and invalidates the subse- 
quently measured data if the accelerator is :oo high. The 
speed sensor system preferably includes an oblique angle 
radar 54 that defers occorriing vehicles and a C?U So that 
computes the vehicle's acceleration. Alternately, a UDaR 
system, pteieo or pncitmaric cables, or an optical sensor 
could be used to measure the vehicle's acceierahoa. Similar 
co the video camera. the slant radar delects the 00 coming 
vehicle at. an angle with re spec: to the road The shallower 
the angle, the more accurate the estimate of the acceleration 
using co^u techniques bet the lower -*ie vehicle through- 
put- As a rcsull the tno-'a AL?R and spced/accci era hoc 
algorithms are modified as shown in FTG5- 7 and 6. 
respectively, to enable steep angic decection. 

The RES 12 includes a cumber of secondary corrrpoccncs 
thai are required to support the ria^i gathering process, A 
power supply 5$ supplies power to the scrrcr 3-. receiver 
3^. video camera dS. radar 54. and the CPUs. A pair of fans 
60 coot the dectricai systems in the RHS 12. A pair of vents 
62 vent the source and calibration 5ns to the arrraospcere. An 
external coenputer port 64 allocs a service technician to 
connect a Lip cop computer 10 the RHS 12 to access the CPUs 
- ; ^and perform diagnostics, — 

An automated control system controls the data gathering 
process for the RHS 12. The primary fu actio a of the control 
system is to rr-ir'nrar'n calfaraaoa so that the recorded data is 
reliable, A gas canister 66 contains calibration gets that has 
a. known cociposirion of pollutants, When actuated, the gas 
canister 66 emits a pcrif of calibration gas in front of the 
source- This is used to both recomr>utc the caiibrahoc curves 
and to verify the cralibratioa.- — C " _**. : — r ' : V :. ; v_~* • 
The RHS 12 can lose calibration for a number of reasons. 
First, the ambient conditions can change- For example, the 
CO- levels typically rise dirricg the day. the HC levels near 
industrial piants will also rise during the cay. heavy rraSc 
will increase the background pollutant lo'cls. and rain will 
destroy the IR signature. Second, mechanical problems such 
as the gas bode being cmpry. the source being worn out, cr 
a stolen reflector will result in a less of calibradon. Another 
common source: of sigaal degradation is a dircf receiver lens. 
In known sysrerms. w-hen the technician nocccs signal deg- 
radicoa he manually cleans the lens on the receiver. In the 
automated RHS. a rauiri- position lens cover 6S is placed in 
front of the receiver lees, and indexed when the signal levels 
degrade. r * ■ . . .. ...... ~ t ,-•„,- 

A control C?U 70. as detailed in FIG. 5. automates the 
calibration, verification, and data gathering processes by 




Ai s.-.o - n lz ™G- 3. Lie source 32 includes zz IR socrc; 
7-1. pre;e.-2bL> 2 broaden:! LR source s^cn 2s a giow bar. Li 2; 
haj. 2 sizzLf.ciz: LR ml^LO- oud'j'. {2 Lie ri_g- of appro G- 
rz2:e:/ j micro me :ers :o approximately 0 micrometers. The 
LR source 74 provides 2 bc2_m 24 crta: may optionally be 
p2 5Jcd through 2 cr.opcer 76 (aomirzily 200 cycles c<er 
scco-d) 2nd 2 beam former 75. such ai 2 paracolic rejector. 

dcLii! in FIG. 4) l:scs solid state detectors which must be 
turned oa 2nd oc: :z order to detect Lie radiation levels. As 
a resuk. Lie chopper 76 Is positioned in the path of the IR 
be 2.- co b!oci: and unblock the beam zzd hereby r-itch the 
detectors oq and or. 

Ia the preccrred erribc-dirzcz:. the chopper 76 is positioned 
2c the IR source, -hich zziblzs the system to discicg-j-sh 
LLimred radiation emitted by Lie source from, ch-ic emitted by 
the vehicle exhaust, r.ea Lie chopper blocks the beam. Lhe 
receiver measures the mrrarrd radiation cmirLed from the 
plume. Thi data processing CPU calculus the p<ik-;opcol 
signal --hich removes Lie quiescent levels of the receiver 2s 
well 2.5 the hterfercnec rrorn the vehicle exhaust. Thus. Lhe 
measurements of the transmission levels are more accurate. 
Alternately, the cheeper 76 can be positioned at the receiver. 
However, in Lhi s configuration the constituent measurements 
can be distorted by rrradiancc corn the plume itscLf. 

As sho^'n b FIG. 4. the receiver 3-4 includes the muiti- 
positioncd lens cover 65 that is periodically indexed to 
provide a clean sirrface for receiving the IR beam 24. The 
muiri- position lens cover 65 is preferably in IR rransmissiv- 
sheet oq a roller. The IR beam; is applied to a pltrraliry n of 
narrow band alters SO. where: n is equal to a cumber of 
measurement channel. Each filter SO is selected so as (o 
pass a predetermined narrow* band of wavelengths to an 
associated one of a plurality of IR detectors S2. The IR 
d electors include phcKoscnsitfve elements -'hich arc inte- 
grally fabricated oq a subsrrate. The elements are preferably 
photoconduenvc and formed of mercury cacmium teHuridc 
(HgCcTe or HCT). whereas the substrate is cadmiurn zinc 
teiiim'dc (CdZnTc). 

Each detector S2 outputs an electrical signal correspond- 
ing to the radiation level at its wavelength to an amplifier S-4. 
An n channel analog to digital (A/D) converter S6 ch'girizes 
the amplified signals and otrrptrts them to the data processing 
CPU 35 shown in FIG- 2. A suitable cooler S3, such as a 
thermo-electric (TE) device, is employed for cooling those 
types of IR detectors S2 which arc required to be cooled to 
*n operating point that is below ambient temperature. 

A beam integrator lens 90 is preferably placed between 
the lens cover 68 and the filters 80 to homogenize the beam 
24 after propagation through the plume to remove the spatial 
and temporal variations of the constituent concentrations so 
that the detected signals are synchronized. The optical 
intensity or energy that is incident on the photode lectors S2 
is substantially uniform throughout Lhe cross -section of the 
homogenized beam 24. This ensures that the same homog- 
enized or averaged scene is sensed by the pho code teeters 32. 
and substantially increases the accuracy of the measurement 
by reducing the spatial and temporal variance of the con- 
stituent concentrations by over an order of a magnitude. The 
beam integrator lens enables synchronous operation of the 
ph oiodetectors . 
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f_:e: SO 2 puicar.c ce:::cre:: oc 5 02 itm ). 2 r_rs: 

refirezce. d: CO. spectr ti cr.atzel (hav-g - P-"-" SO 2 
?25iOiz^ rezrerid oa -1.2 >srz). 2 CO spectrci chinr..: 
'.r.r.izg 2 fJ:c: SO -iir. 2 passbizd centered oa 4.5 '--). 2 HC 
jpecrzl cr.22^;[ (having 2 fd:er SO 2 pnssoazd centered 
d: 3 3 2nd 2 second reference (PJEF) spczzrii chancel 
(having a fJicr SO 2 po s To an d eta;- red 02 3 3 lltz). 

Additional channels co measure oLhcr pollutants can liso be 
ndd-d if desired. 

Lc general, the NO spectral channel is located cent rcso- 

"2 per zz<z~zl cr.annel is in 2 rcgioa of scroag -a:-: scry- 
So z *-herc rjndamnnial Lizes do 20c 52:11:2:=; the rlr s ; 
reference spectral channel is employed for c o renal! ti n g the 
noQutnnts to 'J-.- normal combustion product. Le.. CO,: and 
the second reference (REF) sp^erml channel' is provided 2: 
2 rep'oa in '-rich co atmospheric or automotive emissions 
gases absorb. 

The RJEr spcerril crumnel compensates Lhe oLhcr five 
spceT72i channels for variations caused by; (a) ^uctjatiocs in 
Lhe output of the IR 50 tree 74 shown La FIG. 3 during the 
passage of the vehicle; (b) particulate matter in the form of 
road dust; (c) parL ; ciiiate n?n** in the exhaust gas plume 3S; 
(d) infrared radiation r— freed from the exhaust plume, and 
any other facrors thai may reduce the amount of iiiiiminacioa 
revering the deleters S2. The REF spectral channel thus 
cocn le s to provide a baseline ocrpu: which is independent 
of Lhe molecular species (NO. H,0. CO,. CO and HQ being 
measured. The betpec of the second REF spectral channel is 
used to normalize, such as by dividing, the five moiecuiar 
species spectral chancels. 

FIG. 5 is a flowchart of the automated c octroi process 
executed by Lhe control CPU 70 sho~'n in FIG. - in 
coo pern ho a --"th Lhe manned control center 16 snowa in 
FIG. 1. Once 6c RES is set up. the CPU 70 boots the system 
to a calibration mode (step 92) and uses the speed and 
acceleration data provided by the CPU 56 to c^ermine 
whether a vehicle is approaching (step 94). If so, Cc CPU 70 
-aits (step 9t>) until no vehicles arc in range and performs 
a caiibradon (step 9S). The CPU 70 directs the gas canister 
to emit a puff of calibration gas so thai the data processing 
CPU uses the radiatioQ levels for the various pollutants and 
their known conccniratioiLS to recompute a set of cnli bra ho a 
(turves. Thereafter, the CPU 70 switches to a measitremcnt 
mode (step 1O0). . . ' z ; _ r % ; - 

Ooce in measurement mode, the CPU 70 again deter- 
mines whether a vehicle is ^preaching (step 102). waits 
until no vehicle is in range (step 104). and performs a 
puff- in -vehicle (P1V) test (step 10<5) to verify the calibration. 
The CPU 70 directs the gas canister to emit anotner pur? of 
calibration gas so that the data processing CPU uses the 
calibration curves to compute a composition for the calibra- 
tion gas (step 10S). If the compositioQ deviates from a 
know a reference composition of Lhe calibration gas then die 
calibration is rejected.- If calibration has failed repeatedly 
(step 110). for example 10 times in a row. Lhe CPU 70 directs 
Lhe RES to notify the control center (step 112). Otherwise 
Lhe CPU 70 repeats steps 92 through 10S to recalibrate the 
system and verify the calibration- - . - . 

When the composition caiodafr/l in step 10S is close 
enough to the reference composition, the calibration is 
accepted and data collection iniaatc-d (step 114). The data 
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- o: : 2 5> > : t .t. rrobirm sjc.z is zz irr: 

ir.c system beizg o-_: cf zziizrziicz. The CPU 70 — zzr:o:; 
the can ( 3 :=p 116). zzd if che rezuezcy of rrr^r rede; 

coQCol co s:rp 104. Ov.er~*se. L-.e caca process; zg C?L : 
continues g2ihcr_zg da:z (seep I IS). 

3cea'zse ir.c zrzbicz: cozdiciocs can chaz ge o:z: crme . ihe 
CPU 70 periodically verir.es the bs: calibration (seep 120) 
by :zzj^zdzg control co s;~p 102. The system continues 
gzihcrzag dz;z (seep 122) in cr.e rrteasuremec: rzode '-hile 
cne CPU 70 monitors ir.e data processing CPU co male sure 
that ic ' ii sampling cr.c r-diatioc levels and competing 
compositions (step 12-4). If zoc. the CPU' 70 assumes era: the 
system software has faded, power cycles the system (step 
126) co reboot the so fr~ a: z . performs 2 calibration (step 
12$), and determines - z ether the calibration --as effective 
(step 130). I: po-er -/cling has restored the system, coaro' 
returns co step 102 to verify the calibration. Otherwise, the 
CPU* 70 causes the ?_ES to notify the control center (stco 
112). 

If the data, processing CPU* is receiving and processing the 
data in seep 12-4. the CPU' 70 mo nitons the ambient signal 
levels (radiation levels Of compositions) (step 122). If the 
ambient 51301! levels are close enough to a sc: of reference 
values (step 134). for example, the values measured at the 
las: calibration, then data gathering continues at step 114. If 
Lie signal levels have deviated the CPU 70 indexes the lens 
cover 65 shown in FIG. 4 (step 136). Oftentimes signal 
deviation is due to din or exhaust building up oc the lens of 
the receiver. Thereafter, the CPU 70 chedes to determine 
^•hcthcr the ambient signal levels have been corrected (step 
135). If so. the data processing CPU" continues gathering 
data (step 114). Otherwise, the CPU 70 performs a calibra- 
tion (step 140) and a ?rv (step 142). If the calibration is 
accepted, data gathering continues. If noL. the Rr.S notifies 
the control center (step 112). 

When the RES notices the co crrol center (step 112). a 
technician at the conrrol center executes remote diagnostics 
over the communications chaemei to identify the problem 
(step 144). If the system can be fixed rcracxcly (step 146). 
control is remmed to CPU 70 to gather data. Otherwise, a 
service technician, is dlsuaichzd to the RES (step 145). . 
* In order to maintain the same vehicle throughput as the 
known RES systems, the integrated RES radar 54 and video 
camera 43 sho^-n in FIG- 2 must detect the approaching and 
passing vehicles, respectively, at a steep angle, approp- 
riately 20 to 35 degrees. As shown in FIG. 6. the CPU 56 
computes the apparent speed measured by the radar 54 
shown in FIG. 2 (step 150) and then corrects for what Ls 
called "cosine error - (step 152) by multiplying the apparent 
speed by the cosine of the detection angle (cos 6) to produce 
' an accurate reading of the oncoming vehicle's true speed. In 
step 154. the CPU computes the vehicle's acceleration. The 
vehicle's speed and acceleradoc are used to determine 
whether the vehicle's emissions systems are disabled and 
can be used to predict when the vehicle should trigger data 
acquisition to reduce mismatch between recorded emissions 
and the identified license plate as derailed in FIG. S. 

As shown in FIG. 7. the preferred Al_FR system dcsScrws 
the picrure of the vehicle's license plate to compensate for 
the steep detection angle prior to executing a character 




uC rrziliztd image. 25 <J the n i rr'_r e had been iai*;er. a: a 



Jriailo-- or' 2p^ro^^2-:riy zrro d-^r;is (5:^6 15$). 
^:rc:>co-shaI^o , - izglc rar:s formation may be 2c hie v;i 

The CPU thca excci:ccs 2 correlation aJgorichm 02 the rrs; 
rr.2_'^c.cr £a the normalized image co generate a cc-rrelatioa 
vai-jc for each character in an alpha- numeric set and selects 
•the charac;;- with the highest correlation value (step 
Thereafter, the correlation value of chc selected character Ls 
compared :o a recog^iaoa threshold, e.g. 90^ (s^rp 162). L" 
the correlation value is less than the threshold, recognition 
is rejected (step 164). If the co—elatioa value exceeds the 
threshold. Lie character is written iaco the Al_PR nie which 
is appended co irte recorded emissions data rlic (step 166). 
Tne correlation algorithm is repeated for each character in 
the License plate lie hi all the characters have been recog- 
nized cr rejected (step 16S). If only one or r-o or the 
chamcters in the license plate are rejected, the place may s^ili 
be uniquely identifiable. If so. the partial plate can be 
appended to the emissions data and recorded. However, if 
too many characters in the entire license plate are rejected, 
then the entire plate recognition is rejected and the recorded 
emissions data is not reported (step 170). 

A common problem in known RES systems is a mismatch 
between the recorded emissions data and the license plate, 
i.e. the wrong car is matched to the offending cmissioQS.Tne 
Steep angles used by the radar and video camera reduce the 
frequency of cis matches to some extent 1 by conhnlng the 
area in which they look foe a passing vehicle. As illustrated 
in FIG. 3. the nnismaich frequency can be further reduced by , 
combining the speed and acceleration information provided 
by the radar with the trigger signal. In step 172. the data 
processing CPU" computes the speed and accclerarioa of an 
approaching vehicle as described in FIG. 6, The CPU uses 
this information and the distance to the vehicle to estimate 
a time- to- trigger range(sxep 174). When the vehicle passes 
through the JR beam, the CPU records the trigger time (step 
176) and determines whether it fails within the time-to- 
trigger range (step 17S). If the trigger fails within the range, 
the CPU merges the emissions data with the license plates 
(step 180). Otherwise, the CPU invalidates the data (step 
1S2). \ ' * - - * : - 

While several illustrative embodiments of the invention 
have been shown and described, numerous variations and 
alternate embodiments win occirr to those sidled in the art. 
Such variations " and altercate embodiments are 
contemplated, and can be made without departing from the 
spirit and scope of the invention as defined in the appended 
claims. 

Wc claim: * * * 

1. An unmanned optical emissions sensor for sees in g a 
gas mixture composition of an exhaust plume of a motor 
vehicle travelling aiocg a roarl, comprising: 

a source for radiating a beam of light along a path across 
a road such that the beam passes through the exhaust 
plume of a passing vehicle and otherwise passes 
through ambient air; . _ 
a receiver for sampling radiation levels at a plurality of 

prrfirtrrminrrt wavelengths from the beam: 
a canister for crnitting a pufj of calibration gas in the path 
-of the beam bctweea-thc sourer and rhr receiver, said • 
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'•emc: : passes though the beam causing me data 
processing computer ;o record the gas mUrorc compo- 
sition c; the .cricle's clause plume for a period of 
time; 

an i^:otzji:z^ control computer th a t 

a) calibrates the coia processing computer by directing 
the canis:cr to emit a pufj of calibration gas. h c : e b y 
the (±212 processing comp c:cr recomputes the caii^ 
bradon curves in jccord^ncr --ith the imo-'n refer - 
cr.ee composidoc: 

b) vcrinrs the caiihradon by directing the canister to 
emit 2 pun of colibradoa gas. '-^hereby the data 
processing computer corzpL'^s a test composirion 
from the radiation levels and accepts the calibration 

r.ea the trsc composidoc is close enough to the 
known reference ramposidoa and other- is e rejects 
the colibradoa and initiates recolibrndon: and 

c) monitors the gas midair c corn position of the ambient 
a£r to control rccolibradon of the data process Lag 
compiler: and 

a v chide idzz'Jficz'doc device that responds to the trigger 
signal by recording a vehicle idendftcadoa for the 
passing vehicle. 

2. The unmanned optical emissions sensor of claim 1. 
further comprising: 

a muid-posidoc Iras cover on the receiver, iaid automated 
conrroi computer indexing the posidoa of the leas 
cover --hen the gas mi.Ttmrc composidoa of the ambient 
air deviates from an ambient re/errnce level by more 
than a spxeihed threshold and initiates re calibration if 
the deviadon remains greater than the spedzed thresh- 
old. 

3. The unmanned optica! emissions sensor of claim 1. 
^herein the automated control computer mo niters the gas 
czbtcire composition of the vehicle's exhaust plume to 
cocrrol mverihcndoa of the calibration. * ' 

4. The unmanned optical emissions sensor of claim 1, 
wherein the automated control computer monitors a time 
from the lost calibradoa and when the time exceeds a 
mandatory recotibradoa period it initiates another caiibra- 
don. - 

5. The unmanned optical emissions sensor of claim 1, 
wherein the automated control computer monitors the data 
processing computer and power cycles the emissions sensor 

. when the data processing compter f^lls to produce gas 
mixture compositions- *_ " '•• • ~ -a* - 

6. The unmanned optical emissions sensor of claim 1. 
further comprising: . - - ..-..-it. . 

a manned control center; and -«■•• _ 

a commuaicadoas channel for coniraunicadotj bcrw-cn 
the automated control computer and the manned con- 
trol center, said automated control computer respond- 
ing to repeated calibradoo rejecdoas by trails minting a 
help message to the manned control center, which in 
rum respoads by performing diagnosdes to determine a 
* - cause for the calibradon rejecdoo and then either 
remedy the cause remotely or rtispafch a technician to 
. - remedy the cause on site, - . - * v!:- - 

7. The unmanned op acal c mis doc 5 sensor of claim 1. 
further corrmrising: - • _ - 
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9. ir.e unmanned occiczi emissions sensor of claim 7. 
wherein >oid source and said receiver ori placed oc th- same 



>;de oc u*.i read, further comprising: 

a redector that is positioned oq Che other side or* the read 
such 3 : ir.; beam emined by the socrce redects o~ of 
the reactor and b^ck: to the receiver. 

10. The u^rcci optical emissions sezscr of claim 9. 
rurthe; comprising: 

a slngjc coisolz chat contains the source, die recciv-:. die 
canister, the data processing computer, die autama'.ed 
coccrot computer, the '•'chief e idea titration device, and 
the vehicle deiecior. 

11. The unmanned optical emissions sense: oc claim 10. 
•-herein die vehicle idencih cation device comprises an auto- 
mated License plate reader (Al_?R) that reads die vehicle*.* 
license at an angle of at least 20 degrees and said vehicle 
detector senses 'die oncoming vehicle at an angle of at leas: 
20 degrees to maintain a vehicle diroughptrL 

12. Tne unmanned op deal emissions sensor of claim 10. 
-•here La oce of said socrce and said receiver is positioned 
above the odier so that the beam traverses the road in a io~ 
path in one direction and in a high path in the other direction 
so that the trigger device will digger oq both high and lo-' 
ground clearance vehicles. 

13. An integrated optical emissions seascr for sensing a 
gas rzLTarre composition of aa exhaust plume of a motor 
vehicle travelling along a road, comprising: 

a single console that is positioned at one side of the road; 

a vehicle detectorin said coasole for sensing an oncoming 
vehicle and computing its acceleration; 

a source in said console far radiating a beam of light olocg 
a path across the road such that the beam passes 
through die exhaust plume of a passing vehicle and 
othcr^'ise passes through ambient air; . _ • . . 

a redector dial is positioacd oa the other side of the road 
such diat the beam redects off of the redeaor and back: 
to ihc coasole: ... • . 

a receiver in said console sampling radiacioQ levels at a 
plurality of predetermined cave lengths from die beam; 

a data processing computer in said console for computing 
a gas mi* aire composition trorn the sensed radiation 
levels in accordance with stored calibration curves; 

a canister in said coasole for emitting a puff of calibration 
gas in the path of the beam between the source and the 
receiver to recompute the calibrarioa curves; 

a trigger device in said console that produces a trigger 
signal when a vehicle passes through the beam causing 
the data processing computer to record the gas mixture 
composition of the vehicle's exhaust plume for a period : 
of time, said data processing computer disabling the 
recordation of the composition of the vehicle's exhaust 
plume when the acceleration exceeds a threshold; and 

a vehicle identification device in said console that 
responds to the trigger signal by recording a vehicle 
idenrirlcaaoa for the passing vehicle. 




15. The unm-inced op-icnl tnisiiozi sensor of clzisz. 13 
■~r.r oce o: said source a;:d said recer- c: is posicioned 
2zo--c cihcr so ir.a: i-.e beam ;m'.c:sej che :cid in -i !o~ 
par: :i one dir^c.:o2 and in i rign pn'rt in tr.e other di_r;cion 
so th*: criggcr deWce --ill zr.g^er on. tod high and low- 
ground zizirzjr.cn ••r>_c!rs. 

16. Tr.e unmanned opcicjJ emission* sensor of claim 13. 
wherein the vehicle detector compute's the vehicle's 5 peri 
and computes 2 -lime-co-cri gger range from the vehicle's 
measured sp<:ed and acceleration, said dau processing com- 
puter ddnbiizg tr.e rrcardaicc of the composition o: v.e 
vehicle's c.^hnus; piume when entering occurs outside lie 
cimc-cc-criggcr r ~3 r - 

17. inc unmanned optical emissions sensor of claim 13. 
v.- here in said dlicr^L-on gas has a know-n reference compo- 
sition 2Z the predetermined wavelengths, fisher comprising 
2n automated control compute: that 

a) calibrates the dan processing computer by directing the 
caciscer to emit a per" o:" calibncioc gas. whereby the 
data processing cornputer recomputes the ceiUfcracion 
curves in accor^ince with the known reference com- 
position; 

b) verifies the cedib r^doc by directing the canister to emit 
a pen* of calibration gas, whereby the data processing 
computer computes a test composition from the radia- 
tion levels and accepxs the calibration when the test 
cemposicion Li close enough :o the known reference 
composition and otherwise rejects the calibration add 
inidatej recaiibnaiion; and 

c) monitors the gas rmxmrc composition of the ambient 
air to control rceeilib ration of the da la processing com- 
puter. 

13. A remote: emissions sensing system sensing gas mix- 
ture co repositions of exhaust plumes for motor vehicles 
traveling along a nerwork of roads, comprising: 

a pluraiic% - of unmanned integrated optical emissions 
sensors positioned at dif erent places in the nerwori: on 
a side of the road, each emissions sensor coenprising: 
3 console; . . _ 

. a vehicle detectcx in said console for sensing an oncom- 
ing vehicle and co dp uring its accelerarioQ; 
a source in said console for radiating a beara of light 
along a paih across the toad such that the beam 
passes through the exhaust, plume of a passing 
vehicle and otherwise passes through ambient air; 
a reflector that is positioned on the other side of the 
read such that the beam rejects off of the rejector 
and back to the console; 
a receiver in said console that samples radiaxioo levels 
at a plurniiry of predetermined wavelengths from the 
beam: 

a data processing computer in said console for com- 
puting a gas mixture composition from the sensed 
radiation levels in accordance with stored calibration 
curves; 

a canister in said console for emirring a puff of caii- 
braiioQ gns in the pa th of the beam bcrweea the 
source and the receiver, said calibration gas having a 
lea own reference composition at the predetermined 
wavelengths: " 

a m'gger device in said console that produces a trigger 
signal when a vehicle passes through the beam 
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said emission senior; responding :o repealed caii'rri- 
■lija rejecioii by c^smirting ^ - - ''■ ? message :o :r.e 
zz-zzztt co:ro : . cer.:cr. -rich in :urz responds by 
■^rfcrrring i2gr t o>ciJ5 :o deierrrine 2 cause for tr.e 
calibration rr^c-'oa and then either remedy cr.e cn-jse 
remor-ly or uiipa:ch a technician to remedy the cause 

19. The unmanned optical emissions sensor of claim IS. 
~ herein the vehicle detector compute's the vericle's speed 
2nd compu::i 2 time -to- trigger range rem the vehicle's 
measured speed and acceleration, said data process in 5 com- 
puter casabling the rrcordodoa of the compos;': ion oc" the 
vehicle's c.vuust plume -he 2 triggering occurs outside the 
time-to-triggrr range. 

20. The unmanned optical emissions sensor of claim IS. 
•-herein the vehicle identification device comprises an auto- 
mated Uc en si place reader (ALPR) that reads the vehicle's 
license a: an angie oc" at leas: 20 decrees a.-d said vehicle 
detecrcr senses the oncoming vehicle a: aa angle of at leas: 
20 decrees to maintain a vehicle throughput. 

21. The unmanned optica! c miss iocs sensor of claim IS. 
-herein one of said source and said receiver is positioned 
above the other so that the beam era verses the road in a tow- 
path in one direction and in a high path in the other direction 
so that the trigger device 'will trigger on both high and tou/ 
ground clearance vehicles. 
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causing the dara —J-rrsilz g corzpu'.r: co r^coci ;he 
gas nit r__- - co~-oi,^0 2 o ir.e v-r-zl-'s c^a-ji: 
pit:.— e car 2 pe-od oc iiii da:a Tcoc-ssLng 

compter i_-r- aiidaiing '-hi reccrdniio-. o:" he comp-> 
iidoc o: ih n <;z'?±z':i ' > c.thaj;: pl-jme r.ea r 
acc::ierr.:oa e-ceeis 2 th---;>hold; 
an a-ator^iced coarol cor^pc::;: na; 

a) calibrates the dacn procr ji-g compucer by dirrc;- 
i:j ch- canister ;o rrzi: ^ p-jr c:* calibration gj;. 
- heresy the da: a processing cor^pu:-: recomputes 
the calibration curves in accordance u-itii the 
kno-n r::':r::c; composition; 
h) vc.-ir.-s the calibration by dSszz'Szi the canister to 
crzi: j pulf oc" calibration gas. thereby tr.e data 
processing computer competes a test composition 
from the radiation levels and accept* trie caiibra- 
tioa *-hen the test composition Is close enough to 
the iiLio^'a reference composition and otherwise 
rejects the calibration and initiates czciiibczdoa; 
and 

c) monitors the gas rzizivsz composition o:" the 
ambient air to coacrol —calibration or the data 
processing compuier. and 
a vehicle identiacozion device in said, console that 
respocds co the trigger signal by recording a vehicle 
idrntihraiioa for the passing vehicle; 
a manned control center; and 

a common: radons channel for communication bcr-ccn 
che emissions sensors and the manned control center. 
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{57} ABSTRACT 

An unmanned integrated RES 12 integrates nil or i:s com- 
ponents except the rcueccor 22 into a sb^e console 30 Lh^i 
is posicioeed at the side or* a rood 23d has a CPU" 36 ihn 
coarroLs ^''"oration. vcrihcatioa and data gathering. The 
RES* 5 socrce 32 aad receiver 34 are preferably sacked one 
oa :op of the ether such Lha: the IR beam 24 traverses a lo^/ 
a^d high path as it crosses the road l-i. This allows the RES 
Co detect both low-' and hi gh ground clearance vehicles. To 
maintain the vehicle process ia g and identiheatioa 
throughput, the speed sensor >4 aad Al_?R 4S_50 delect the 
poising vehicles at s:eep angles, approximately 20 to 35 
degrees. la a preferred sys:em_ a manned coacrol center 16 
communicates with a large cumber of the unmanned inte- 
grated RES to downlead emissions daia. perform remote 
diagnostics, and. if necessary, dispaich a technician to per- 
form maintenance on a particular RES. 
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